Introduction
============

The clinical course of essential thrombocythemia (ET) and polycythemia vera (PV) is characterized by an increased incidence of vascular complications and a tendency to progress to myelofibrosis (MF) or acute myeloid leukemia (AML). Over the past decade, new molecular and clinical knowledge in ET and PV has led to a significant improvement in the diagnostic, prognostic and therapeutic processes. Despite these advancements, many uncertainties remain concerning aspects of clinical decision-making. We identified some unmet needs in clinical practice and research that urgently require new scientific initiatives. For each of these, we reviewed the most significant existing evidence and made proposals for translational and clinical investigations. We acknowledge that several other clinically relevant unmet needs in the management of patients with PV and ET remain. These could not be addressed due to space constrains, and include, above all, prediction of evolution to secondary forms of myelofibrosis, identification of genetic predictors of survival and of specific subgroups of patients to include in intervention trials with novel drugs that are claimed to modify disease course.

Should we look for new diagnostic and prognostic criteria to distiguish prefibrotic myelofibrosis and essential thrombocythemia?
================================================================================================================================

One of the major changes introduced by the 2016 World Health Organization (WHO) classification is the distinction between so called "true" ET and pre-fibrotic PMF. Insights from large series from reference institutions suggest that the proportion of ET patients who would be reclassified as pre-PMF according to these criteria may be as high as 15-30%.^[@b1-1051999],[@b2-1051999]^

Although some clinical and hematologic traits cluster preferentially with pre-PMF, with the exception of histopathology, no unique distinctive criterion contributes to diagnosis. The same holds true for the mutation landscape, since only a slight increase in *CALR* mutation frequency is observed in pre-PMF patients. On the other hand, there may be important differences in terms of disease course, clinical complications and overall prognosis. First, the rate of thrombosis seems to be quite similar in pre-PMF and ET (2% patient-years in both conditions).^[@b1-1051999],[@b3-1051999],[@b4-1051999]^ Risk variables associated with thrombosis appear to be similar in pre-PMF and ET, as supported by the results of a recent study where the International Prognostic Score of Thrombosis for Essential Thrombocythemia (IPSET-thrombosis) reliably predicted thrombosis in patient with pre-PMF.^[@b5-1051999]^ In contrast, bleeding episodes may be more frequent in pre-PMF as compared to ET.^[@b6-1051999]^ Of note, according to large retrospective series, the most distinctive feature between the two diseases is survival, uniformly worse in pre-PMF (ranging from 10.5 to 14.7 years) compared to ET (14.7-21.8 years) in which it was rather similar to the standardized European life expectancy.^[@b7-1051999],[@b8-1051999]^ No specific risk model for survival has yet been developed for pre-PMF; whether that developed for the WHO 2008 definition of ET is proving satisfactory also for pre-PMF remains to be addressed.^[@b8-1051999]^ The same debate applies also to the recent molecular integrated scores MIPSS-70, that included fibrosis grade 1 *versus* grade 2/3 (the latter is one distinctive feature of overt-PMF *vs*. pre-MF) as a significant variable for survival.^[@b9-1051999]^ Therefore, since expected survival is the key issue to discuss with a patient newly diagnosed with pre-PMF, acquiring such information definitely represents the most compelling unmet need in pre-PMF. A prospective registry collecting all new cases may be of significant help in finding an answer, but it may take several years. An alternative option may be a study enrolling not only all incident cases, but also retrospective ones, provided all the diagnoses are validated by a centralized panel of expert histopathologists and clinicians. Moreover, a comprehensive clinical and biologic database (with a tissue bank collecting samples at diagnosis and during follow up) should be made available. This approach may help to identify the causes of death in patients with pre-PMF, the rate of transformation to overt PMF and acute leukemia, and possibly allow predictive variables to be identified.

Should patients with essential thrombocythemia or polycythemia vera be stratified in genomic subgroups?
=======================================================================================================

Recent publications have highlighted the prognostic contribution of genetic information in both ET and PV, which includes driver mutational status, karyotype abnormalities, and presence or absence of mutations in other myeloid genes. Next-generation sequencing (NGS) analysis identified the prognostic relevance of "adverse variants" in terms of inferior overall and shorter leukemia-free or fibrosis-free survival, including *ASXL1*, *SRSF2* and *IDH2* in PV and *SH2B3*, *SF3B1*, *U2AF1*, *TP53*, *IDH2*, and *EZH2* in ET.^[@b10-1051999]^ Although these studies have certainly contributed to advance our knowledge of the potential prognostic value of mutational genotyping in PV and ET, and provided informative tools to identify patients at higher risk of disease progression and leukemia transformation, this approach is still far from being considered relevant in clinical practice. In ET, *CALR* mutations have been shown to correlate with lower risk of thrombosis compared to *JAK2*V617F mutation and, indeed, the latter is included in the IPSET thrombosis score.^[@b11-1051999],[@b12-1051999]^ In PV, there is some evidence that patients with higher *JAK2*V617F allele burden may be at increased risk of thrombosis;^[@b13-1051999]^ however, lack of prospective data weakens the value of this information. Future research should evaluate prospectively whether genetic data may add clinically relevant information on top of a conventional score for PV and the IPSET for ET; not an easy task, when considering that the rate of cardiovascular event is around 2% patient-years in ET and 2-3% in PV. Large, international registries may represent the most productive approach using series of patients carefully annotated according to the 2016 WHO classification.

Should cytoreduction be prescribed to all patients with polycythemia vera regardless of risk?
=============================================================================================

The first step in approaching a patient with PV is to identify the potential risk of developing major thrombotic or hemorrhagic complications. Patients are considered to be low-risk by age \<60 years and absence of previous thrombosis,^[@b14-1051999]^ but this distinction is weakening. In fact, low-risk patients optimally treated with phlebotomy and low-dose aspirin still exhibit an annual rate of major thrombotic episodes of 2% patients/year; an estimate 2-and 3-fold higher than in the general population with, or without, multiple risk-factors, respectively.^[@b15-1051999]^ Thus, one may argue whether, in the presence of such residual risk of thrombosis, the conservative approach based on phlebotomy and aspirin is still appropriate. The greater added benefit of cytoreductive drugs over phlebotomy in PV is based on the results of the Polycythemia Vera Study Group 01-PVSG study,^[@b16-1051999]^ a propensity score analysis of the European Collaboration on Low-dose Aspirin in Polycythemia Vera (ECLAP)^[@b17-1051999]^ prospective study and one recent retrospective cohort analysis.^[@b18-1051999]^ Nonetheless, experts discourage the use of cytoreductive drugs in clinical practice for young patients without previous thrombosis since the supposed leukemogenic risk associated with the currently available drugs, such as hydroxyurea, although largely uncertain, might outweigh the possible antithrombotic benefits.

However, although the prognostic and predictive role of leukocytosis is still debated, it may be worthwhile up-grading low-risk patients presenting with leukocyte counts greater than 11×10^9^/L to the high-risk category and, indeed, these have been included in randomized clinical trials testing hydroxyurea, and ruxolitinib (Mithridate trial; *[clinicaltrials.gov](http://clinicaltrials.gov) identifier: NCT4116502*). Such a claim could be criticized since there has still been no formal demonstration of a clear advantage of cytoreductive therapy over a well-conducted phlebotomy policy. Therefore, we believe that young patients with no history of previous thrombosis could be exposed to cytoreductive treatment as long as they only receive drugs for which there is no evidence of promoting secondary leukemias or solid tumors. One such a drug is interferon, either in conventional or novel retard formulation, such as Ropeginterferon α-2ba which has recently been approved by the European Medicines Agency (EMA) for PV based on phase II and III studies.^[@b19-1051999]^ In these studies, an overall hematologic response in more than 80% of patients, good tolerability and evidence of molecular responses were found.^[@b20-1051999]^ The ongoing randomized clinical trial (Low-PV), testing Ropeginterferon α-2ba in addition to conventional treatment, may hopefully provide a convincing answer to one of the clinical needs of patients with low-risk PV.

Can we improve the prevention and treatment of post-myeloproliferative neoplasms-acute myeloid leukemia?
========================================================================================================

Leukemia transformation of PV and ET is part of the natural history of these diseases.^[@b21-1051999]^ The risk of leukemic transformation is highest in PMF, but a sizeable proportion of PV and ET patients are involved, with an estimated risk of 3% and 1% at 10 years, respectively.^[@b22-1051999]^ It is likely that, in these patients, the unrestricted proliferation of bone marrow progenitors lasting for many years may itself favor the leukemic transformation, and, not surprisingly, older age, leukocytosis, and massive thrombocytosis represent significant risk factors in both PV and ET. Most importantly, biologic characteristics such as abnormal karyotype, presence of *SRSF2* or *IDH2* mutations are emerging risk factors in PV. In ET, anemia, older age, leukocytosis, and presence of *TP53* or *EZH2* mutations have been reported as risk factors.^[@b22-1051999]^ Therefore, NGS-based molecular profile performed at diagnosis and during the course of the disease may provide important information to identify patients at higher risk of disease progression and leukemia transformation.^[@b10-1051999]^

There is no evidence that hydroxyurea, interferon, anagrelide or ruxolitinib can slow down the intrinsic tendency of these diseases to transform into AML.^[@b23-1051999]^ On the other hand, there are expectations that some new, targeted drugs may reduce the risk of leukemic transformation. Idasanutlin, an MDM2 inhibitor which modulates MDM2/p53 interaction and restores p53 activity, produced clinical responses in PV both as monotherapy and in combination with interferon.^[@b24-1051999]^ HDAC inhibitors like givinostat are equally non-genotoxic and active drugs in PV and ET.^[@b25-1051999]^

As regards the therapeutic approach to post-myeloproliferative neoplasms-acute myeloid leukemia (MPN-AML), prognosis is largely dismal except for the few patients who undergo allogeneic hematopoietic stem cell transplantation (alloHSCT), preferably after debulking with induction chemotherapy. However, new drugs are particularly appealing in this setting, including enasidenib and ivosidenib for patients with *IDH2* or *IDH1* mutated AML, possibly in combination with azacitidine^[@b26-1051999]^ or ruxolitinib (in case of enasidenib).^[@b27-1051999]^ In addition, BCL2 inhibitors, like venetoclax or navitoclax, (alone or in combination with hypomethylating agents) and CPX-351, a dual-drug liposomal encapsulation of cytarabine and daunorubicin, are also under investigation. At the moment, however, results from rigorously designed clinical trials in this category of high-risk patients are still lacking and the little interest, if any, of pharma companies to promote studies in this setting represents a major problem. It is, therefore, a clear duty of the scientific community to promote academic trials for this unmet clinical need. Since alloHSCT remains the only potentially curative treatment option for these patients,^[@b28-1051999]^ intensive treatment capable of achieving remission with a full or even incomplete hematologic reconstitution has to be made available. Apart from some new forthcoming protocols, registry collection of the outcomes of these patients is strongly recommended, particularly with the intent to identify biologic subgroups.

Are the current prevention methods for thrombosis adequate?
===========================================================

The current annual incidence of arterial and venous thrombosis in patients with PV and ET is 2.62% and 1.77%, respectively, a figure 1.5-fold and 3.2-fold higher than that in the general population.^[@b12-1051999],[@b15-1051999]--[@b20-1051999]^ The antithrombotic role of cytoreductive drugs is uncertain. Hydroxyurea (HU) has demonstrated significant efficacy in preventing arterial thromboses, but doubts remain as to its ability to prevent recurrent venous thromboembolism (VTE),^[@b29-1051999]--[@b31-1051999]^ particularly in patients with splanchnic venous thrombosis.^[@b32-1051999],[@b33-1051999]^ The antithrombotic efficacy of interferon-α has not yet been convincingly demonstrated, and the performance of ruxolitinib in PV patients resistant/intolerant to HU is largely uncertain.^[@b34-1051999]^ Although there is no direct evidence that thrombocytosis per se is a risk factor for thrombosis, the favorable effect of anagrelide *versus* HU in preventing the occurrence of venous thromboembolism in ET, as shown in the PT1 randomized clinical trial,^[@b35-1051999]^ is of interest. However, the interpretation of that study is complicated by the heterogeneity of the patient population that was diagnosed according to WHO 2008 criteria. Of note, the ANAHYDRET study, that included patients with a diagnosis of ET that strictly followed WHO 2016 criteria, showed non-inferiority in terms of arterial and venous events.^[@b36-1051999]^ As a whole, there is still no convincing evidence of a clear antithrombotic action of cytoreductive drugs in ET and PV, and new randomized clinical trials with thrombosis as the primary end point are warranted.

The indication of low-dose aspirin (LDA) is mainly based on a phase III trial in PV^[@b37-1051999]^ and on retrospective studies in ET, but the quality of evidence is low.^[@b38-1051999]^ However, new hypotheses are now being tested to improve the antithrombotic efficacy of aspirin in ET. These are based on the notion that accelerated release of new platelets in ET may accelerate the recovery of thromboxane (TX)A2-dependent platelet function during the once-daily (od) LDA dosing interval. Accordingly, inhibition of the surrogate biomarker platelet TXA2 by o.d. LDA is incomplete in ≥80% of ET patients, but it was seen to be improved by a twice-daily regimen.^[@b39-1051999],[@b40-1051999]^ In the phase II ARES randomized trial,^[@b41-1051999]^ most of the 245 ET patients treated with LDA displayed incomplete platelet inhibition, which was improved by shortening the dosing interval to 12 hours.^[@b42-1051999]^ The long-term superiority, compliance, and tolerability of an optimized LDA regimen is now being investigated in a clinical trial.

The prevention of recurrent venous thromboembolism by vitamin K-antagonists (VKA) was estimated in several retrospective studies showing an annual incidence of VTE recurrences as high as 5.6-6.5,^[@b31-1051999],[@b43-1051999]--[@b46-1051999]^ that rose to as high as 12.8 after discontinuation.^[@b45-1051999]^ In addition, the incidence of major bleeding on VKA of 1.7-1.8 per 100 patients/years^[@b44-1051999],[@b45-1051999]^ is unsatisfactory when compared with non-MPN patients. As mentioned above, the addition of hydroxyurea to VKA has a weak effect,^[@b31-1051999]^ and the combined treatment with LDA significantly increases the risk of bleeding with no substantial benefit on antithrombotic prevention.^[@b43-1051999],[@b47-1051999]^ Thus, the prevention of recurrences after VTE is a crucial unmet clinical need in MPN, and innovative strategies are needed. Direct oral anticoagulants (DOAC) can represent a suitable alternative, but before embarking on a formal randomized comparative trial assessing DOAC *versus* warfarin, a retrospective analysis of treated cases may guide its design. In this regard, some preliminary evidence has been presented in the prospective multicenter observational REVEAL study.^[@b47-1051999]^

Conclusion
==========

We have highlighted some clinical topics about which the available evidence is limited. We believe these areas represent priorities for future research projects. Since both PV and ET are relatively rare diseases, and the outcomes of interest occur after long periods of observation, the methodology to conduct these studies cannot be reasonably based on conventional phase II/III design. Therefore, well organized observational and registry-based studies will play a key role in analyzing the clinical outcomes, hopefully with the help of a data mining approach and artificial intelligence techniques, as suggested by preliminary experiences in patients with PV treated with ruxolitinib.^[@b48-1051999]^
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